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ABSTRACT
M82 and NGC7714 have very bright and peculiar galactic cores.
Their properties, such as x-ray luminosity and strong radio emission,
have been described as resulting from bursts of star formation. In a
previous model, the initial mass function (IMF) in these regions is
biased towards the formation of high-mass stars, and the x-ray and
radio luminosities are explained by supernova remnants(SNR).
This paper examined six catagories of x-ray sources in the Galaxy
for brightness, spectral shape (2-10 key range), time variations in
intensity, and correlation with massive OB stars. The Early-Type
X-ray Binaries (ETB) best fit the above criteria to reproduce the
observed x-rays of M82 and NGC7714. Assuming the ratio of ETB to OB
stars is the same in the two galaxies as it is in ours, then the
early-type x-ray binaries will produce <10% of the total x-ray
luminosity and do rLqt outshine the SNR in either galaxy.
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I.INTRODUCTION
For an astronomer to identify a particular object, its spectral
lines must be studied. This means plotting the intensity (erg cm-2
sec ) of light in a particular wavelength range vs. a certain
waveband. By studying the spectral lines, and using the fact that
each atom and molecule emit certain emission and absorption lines, the
observer can at least categorize the object if not fully explain the
emission mechanism.
Seyfert galaxies are a special class of galaxies which have very
energetic and active nuclei. They are identified by very strong and
broad emission lines radiated by the nucleus. But what has always
remained a challenge is to develope a mechanism that would fit a
volume of one parsec (approximately the distance to a Centauri) in
diameter and radiate a luminosity of 1012 solar luminosities (1012
L ). This means a very efficient mechanism of energy production must
be used in the small volume (Weedman 1977).
Narrow emission-line galaxies (NELG) are similar in terms of
a very luminous nucleus at all wavelengths, but the line profiles are
very narrow. This seems to indicate, along with the bright nuclei
and blue colors, that the emission is due to a large number of hot,
early type stars (Huchra 1977).
Early-type stars usually consist of very massive, blue, and
bright 0 and B stars. Figure 2 (Harwit 1973) shows the different
spectral types in stars form the early-type, high-mass, bright 0 and B
stars to the late-type, low-mass, less bright A through M stars (our
sun is a G type star).
These different spectral types emit a certain combination of
ionized elements (or compounds) that characterize their particular
class. For instance, an 0 star emits a strong continuum in the
ultraviolet (UV), where ionized oxygen (011 X14650), ionized helium
(HeII X4686) and narrow lines dominate the spectra (Harwit 1973).
M82 and NGC7714 are classified as narrow emission-line galaxies.
They both have very bright cores (in radio, infrared, optical, UV, and
x-ray wavelengths), and are part of an interacting system. The high
luminosity in the far-infrared indicates high energy photons (Y-rays,
x-rays, and UV) are absorbed by dust and reemitted in a lower energy
state (infrared). It has been suggested that M82 interacted with the
gas cloud of the M81 group (Solinger et al 1977) thereby causing a
burst of star formation (Figure 3, A & B; Morrison 1979). A star burst
is defined as a sudden increase in the rate at which stars are being
formed. In the case of NGC7714 (brightest of the two) and NGC7715 it
appears that they collided and this caused a similar burst of star
formation in NGC7714 (Figure 4; Demoulin et al 1968).
For M82 and NGC7714 an initial mass function (IMF) was used to
descibe the bursts of star formation in each galaxy (Rieke et al 1980;
Weedman et al 1981). The IMF is assumed to be a power law (Rieke et
al 1980):
dN(m)/dm = Am-a
where A is the constant of proportionality. The IMF has three
parameters: (1) the slope- a = 2.35 is the Salpeter initial mass
function for the solar neighborhood. Any system with a < 2.35 are
high-mass star enriched and for a > 2.35 are high-mass star deficient
(high mass stars are much easier to observe than low mass stars); (2)
the lower mass limit (m 1), which determines the M/L (mass-to-light)
ratio, is a measured quantity; and (3) the upper mass limit (m2 )
changes the color of the system slightly (Huchra 1977). This is also
an observable. From there, an estimate is made of the amount of mass
that is locked in stellar remnants (neutron stars, white dwarfs and
black holes) and the amount of mass in luminous stars.
M82 and NGC7714 have very luminous cores at almost every
wavelength. Rieke et al (1980) and Weedman et al (1981) explained the
luminosities as being the result of a sudden burst of star formation.
They show that the IMF's are biased towards the formation of high-mass
stars (a < 2.35) in the nucleus.
Rieke et al and Weedman et al have descibed the high x-ray
luminosities of the two galaxies as being the result of a large number
of supernova remnants.
In the Galaxy (Milky Way Galaxy will be referred to as the
Galaxy), supernova remnants are not the only group of objects to emit
x-rays. The Galactic x-ray luminosity is the result of the sum of all
the sources in the Galaxy. These sources can be divided into about
six different groups:
1. RS CANUM VENATICORUM SYSTEMS
2. CORONAL EMISSION AND WHITE DWARF STARS
3. CATACLYSMIC VARIABLES
4. SUPERNOVA REMNANTS
5. EARLY-TYPE X-RAY BINARIES
6. LATE-TYPE X-RAY BINARIES.
In this paper the following questions will be answered: a) Do the
supernova remnants account for a significant fraction of the x-ray
luminosity in this Galaxy as they did in M82 and NGC7714? b) If not,
can the most luminous group in the Galaxy account for a large fraction
of the observed x-ray luminosity in M82 and NGC7714 within the given
energy range (2-10 key) and be in some way related to early-type
stars?
Section II describes each of the groups. Section III calculates
the fractional contribution to the Galactic luminosity, Section IV is
the discussion of M82 and NGC7714, and Section V is the conclusion.
II. DESCRIPTIONS AND MODELS OF GROUPS
1. RS Canum Venaticorum Systems
RS CVn systems are strong coronal, soft x-ray binary sources
(.1-3 key). They are basically slightly evolved late-type stars with
very strong chromosphere emission (Walter and Bowyer 1981). The
components of the binary system usually consists of a cooler star with
spectral type K (actually KO III-IV: spectral type K; subclass zero;
III-IV is giant through subgiant) and a hotter star with spectral type
F4-F5 IV-V (spectral type F; subclass 4-5; subgiant to dwarf or solar
radius), (Morgan and Eggleton 1979). The K star is smaller than its
Roche lobe (gravitational potential surface), so it does not eject
matter onto its companion as other binary systems do (see Cataclysmic
Variables, Early-Type and Late-Type Binaries). Thus, most of the
x-ray emission is caused by coronal generation.
The model used to explain the emission is a complex of star spots
associated with continual flaring which provides enough energy
injection to power a 10 K corona (Walter et al 1978). Individual
normal-strength flares can not be observed, but occasional giant
flares may be expected. With the Sun as a reference, the x-ray
spectrum of the flares should be much harder than the quiescent
coronal spectrum in RS CVn systems.
2. Coronal Emission and White Dwarf Stars
Coronal Emission (CE) stars generate x-rays by acoustic waves
heating a uniform and quiet stellar corona. The x-ray emission can be
estimated based upon the above assumptions (deLoore and deJager 1970;
Gorenstein and Tucker 1976).
In main-sequence stars the temperature of the corona is
determined by the balance of conduction and radiative losses with the
amount of heat input flux. The turbulence in the convective zone is
believed to be the source of the heat flux. The waves produced there
generate upward and steepen into shock waves and dissipate in the
upper chromosphere and corona. Shock formation occurs at
approximately the level where the velocity of the waves is equal to
the local sound velocity.
In white dwarf stars the mechanism is similar, but the radiation
losses are less than or equal to the conduction losses as opposed to
negligible radiation losses in main sequence stars (Gorenstein and
Tucker 1976).
3. Cataclysmic Variables
The model adopted for Cataclysmic Variables is shown in (Figure
5; Robinson 1976) as a late-type binary system. The late type star
fills its Roche lobe and the matter from the star is transferred
through the Lagrangian point (where the two potential surfaces meet)
to come in contact with an accretion disk that has formed around a
white dwarf star. The point where the matter and the disk meet is the
shock front. The light curve, in some systems, is dominated by the
bright spot which shows rapid changes in luminosity. This is seen as
the irregular flickering exhibited by all CV.
Cataclysmic Variables are divided into four categories with the
amplitudes and frequencies of the eruptions used to define each one.
(1) Recurrent Novae--the time span between eruptions is on the order
of 10 - 100 years; (2) Novae -- have only one eruption; (3)
Novalike--no eruptions; and (4) Dwarf Novae -- this category is
further divided into subclassifications of (A) U Gem (15 - 500 days
recurrence time) and (B) Z Cam (10 - 50 days recurrence time );
(Robinson 1976).
4. Supernova Remnants
Supernova Remnants (SNR) are the result of the collapse of
massive (M > M, where M is the mass of the sun) stars.
When a massive star collapses, it ejects a substantial amount of
matter (as much as ten times the solar mass) into interstellar space.
But the interstellar medium has a density of -1 particle cm , so when
the ejected material moves away from the explosion site, in the form
of an expanding sphere, with a velocity of 5,000 km/sec (after about
100 years), it sweeps up the interstellar gas and dust producing a
shockwave at the leading edge of the ejecta. A significant mass of
swept-up material is heated up by the high velocity, and a detectable
flux of x-rays result.
5. Early-Type (Population I) X-ray binaries
Early-Type Binaries (ETB) are binary systems characterized by a
massive (M > 1 M ), optically bright, main sequence star, with a
collapsed (neutron star or black hole) companion star each orbiting a
common center of gravity. The primary (main sequence) star
approximately fills its critical potential lobe, which allows gas to
escape through the inner Lagrangian point (L ) and flow toward the
compact object. The angular momentum of the gas causes it to orbit
the compact object and the viscous forces in the gas cause it to
spiral slowly inward, forming a large optically thick disk which is
referred to as the accretion disk. The x-rays are produced by the
gravitational potential energy which is released near or on the
surface of the compact object by the infalling gas (Figure 6; Culhane
and Sanford 1981).
The majority of the ETB contain x-ray pulsars. The pulse period
is on the order of seconds. The x-rays are produced by a strong
magnetic field of the neutron star which funnels the accreting plasma
onto the surface near the magnetic polar regions producing hot spots.
When the magnetic and rotation axes are misaligned, the star's
rotation will produce an x-ray pulse which is repeated each rotation
period.
6. Late-Type (Population II) X-ray Binaries
Late-Type X-ray Binaries (LTB) consist of a low-mass (M < 1 M )
optical companion (which is usually unobservable) with a compact
primary which is assumed to be a neutron star or a black hole (Figure
7; Joss and Rappaport 1979). LTB are less well understood and more
difficult to study. The absorption-line spectrum of the optical
companion cannot be observed, and hence the spectral class cannot be
determined. Also, x-ray doppler studies have been of little use
because only a few systems contain x-ray pulsars.
LTB may be the descendants of cataclysmic variables by the
following evolution. A degenerate dwarf star accretes matter from a
normal companion for >109 yr. When the mass of the dwarf reaches a
critical limit, it will collapse, producing a supernova and leaving a
neutron star or a black hole. The supernova, in this case, does not
eject as much mass as others do because the dwarf did not have a
massive stellar envelope (Joss and Rappaport 1979).
III. DETERMINATION OF THE GROUP LUMINOSITY
The purpose of this section is to estimate the contribution each
group of sources make to the total Galactic luminosity in the range 2
- 10 key.
The Galactic luminosity has been estimated by Worrall et al
(1979) at ~2 x 1039 erg/s (2 - 10 kev) and van Paradijs (1978) at ~3.6
x 1039 erg/s (2 - 10 kev). From averaging the known values, a
Galactic luminosity of L ~ 3 x 1039 erg/s (2 - 10 kev) will be
adopted.
To determine how much of the Galactic luminosity a group of
objects contributes, an estimate must be made of how many objects
there are in the Galaxy. Assume the density of objects observed
(defined as the solar neighborhood) is approximately equal to the
density of objects in the Galaxy, where V and V are the volumes ofg sn
the Galaxy and the solar neighborhood (Figure 1), respectively, i.e.
N/V ~ n/V (1).
g sn
If a cylindrical geometry is assumed for this system with height z
then,
N ~ n(R /<r>)2 (2).
0
Equation (2) relates the number of objects in the Galaxy N, to the
number of objects observed n and the square of the ratio of the radii.
R is the radius of the Galaxy (12.5 kpc; Allen 1973) and <r> is the
radius of the solar neighborhood in kiloparsecs. This is obtained by
taking the average of the distances to all of the observed sources.
The following symbols will be used throuhout the paper:
r, L distance (kpc) and x-ray luminosity (erg/s) of an observed
source;
<L> E average x-ray luminosity of a typical source in group;
Lt E total Galactic x-ray luminosity of a group of sources;
F M(yJy) maximum flux in micro Janskys where
1.0 y Jy = 0.242 x 10~11 erg cm-2 s~1 kev1 (Bradt and
McClintock 1982);
F m minimum flux in y Jy;
<F t> E time averaged flux in PJy;
<L t> time averaged luminosity in erg/s;
<F> E ultraviolet (UV) flux from an individual 0 or B star in
photons/sec;
L E observed x-ray luminosity of M82 or NGC7714.
The data that is used in this section must meet one criterion.
That is each object must have a spectral type associated with it that
is not in doubt. This gives a very good indication that the distance
to the object is secure. This method may be biased against the
late-type binaries because it is difficult to obtain a spectrum.
1. RS Canum Venaticorum Systems
Walter and Bowyer (1981) conducted extensive observations of RS
CVn systems with the EINSTEIN Observatory. A list of 47 sources was
compiled in the energy of .1 - 3 key. Based upon the above criteria,
45 objects will actually be used.
Using equation (2) and Table 1, the following results were
obtained:
n = 45
<r> ~ 0.16
N ~ 3 x 10 5
<L> ~1 x 1031
Lt 3 x 1036
L /L ~ 0.001
t g
2. Coronal Emission and White Dwarf Stars
Garmire (1979) took observations with the HEAO-1 A-2 instrument.
The energy range that the observations were in was .15 - 3 key. The
data is not extensive. The calculations are done using Tables 2 and
3 and equation (2).
For the coronal emission stars, they were,
n = 8
<r> ~ 0.23
N ~ 2 x 10
<L> ~ 6 x 1032
Lt ~ 1 x 10
L /L ~ 0.004
t g
For the white dwarf stars,
n = 3
<r> ~ 0.053
N ~ 2 x 105
<L> 2 x 104
Lt 4 x 39
L /L ~ 1.4
t g
The error in the white dwarfs results is a factor of a few larger
than the central values. The spread on the CE stars is better to a
certain extent. Garmire has estimated the number of CE stars in the
Galaxy which is five orders of magnitude above these results, but the
typical luminosity he uses is five orders of magnitude below <L>.
3. Cataclysmic Variables
Cordova et al (1981) took x-ray observations of cataclysmic
variables (CV) using the imaging proportional counter (IPC) on the
EINSTEIN Observatory. Their observations show most CV have an x-ray
luminosity of 41031 erg/s in the 0.16 - 4.5 key range.
Out of the four categories listed in the previous section, the
most interesting ones are the Dwarf Novae (DN) and Recurrent Novae
(RN) because of their repeated outbursts. The data for dwarf novae
and recurrent novae was obtained from Bradt and McClintock (1982).
They have compiled a compendium of x-ray sources in the Galaxy. The
objective is to calculate a time averaged flux over their particular
periods to determine the overall contribution to the Galactic
luminosity.
To obtain the time average of a function, it must be integrated
over a time span and multiplied by the reciprical of the period (T),
<F t> = [fF(t)dt] / T
Define time zero as when the object reaches maximum flux (F '
The duration of maximum flux is t . The rest of the time, the object
is at minimum flux (F ),
<Ft >
<F > =[F t + F (T - t T (3)
For this particular case the maximum contribution will be
calculated. The period T is ~15 days for U Gem and AM Her, ~10 days
19
for SS Cyg, and ~10 years for recurrent novae (Robinson 1976). In
equation (3), t1 is the amount of time the nova remains at maximum
flux and (T - t ) is the time it is at minimum flux. For dwarf novae,
t is assumed to be -1 day and for recurrent novae ~.1 yr.
After the time averaged flux is calculated the luminosity must be
obtained to average (Bradt and McClintock 1982).
<L t> = 2.6 x 1033 <F t>(PJy) r2 (kpc) (4I)
Tables 4 and 6 are the input values along with above. Tables 5
and 7 used in equation (2) will yield for dwarf novae:
n = 5
<r> ~ 0.1
N ~ 7 x 10
<L> ~8 x1031
L ~ 6 x 103 6
L /L ~ 0.002
t g
and for recurrent novae:
n = 3
<r> ~ 1.3
N ~ 200
<L> ~1 x 1036
Lt 2 X 1038
L /L - 0.07
t g
4. Supernova Remnants
Supernova Remnants (SNR) are reviewed by Gorenstein and Tucker
(1976). These sources emit x-rays mostly in the soft (.15 - 2 kev)
and a lesser percent in hard (2 - 10 kev) regime. The distances to
SNR are secure. They are determined by measuring the expansion
velocity of the ejected shell and its proper motion across the sky.
The ratio of the two (along with a constant) yields the distance to
the object.
Table 8 (Gorenstein and Tucker 1976) contains SNR that have been
observed in the 2 - 10 key energy range. Using this table and
equation (2) the following results were obtained,
n 7 <L> 3 x 1035
<r> 2 Lt 1 x 1038
N 400 L /L 0.04
t g
Rieke et al (1980) estimated -300 SNR in the Galaxy by using the
SNR birthrate.
5. Early-Type and Late-Type X-ray Binaries
Bradt and McClintock (1982) compiled an extensive list of
Galactic x-ray sources. From this catalog, early-type x-ray binaries
(ETB) and late-type x-ray binaries (LTB) were selected based upon the
certainty of the spectral type. The sample of LTB (Tables 12 & 13) is
much smaller than the sample of ETB (Tables 9 & 11) which implies the
difficulty of establishing a spectral type with LTB.
When a detector collects photons from an x-ray galaxy, it is
"seeing" the sum of all the objects in the galaxy in different states
of brightness (outbursts, quiescence, etc.). Hence, the objective is
to obtain a time independent flux that represents a typical object of
a given group.
In the catalog (Bradt and McClintock 1982), the luminosities
quoted are the average of the maximum luminosities and not the average
luminosities. The time average flux was found by estimating the time
averaged flux from the available light curves of each source in both
groups (Table 10). This estimate is shown in column 3 of Tables 11 &
13 along with time averaged luminosity calculated from equation (4).
The typical luminosity of an object for each group is denoted by
<L>. It is calculated by averaging over all <Lt >.
By applying equation (2) and Tables 11 and 13, the results are
shown below for ETB,
n = 13 <L> 8 x 1036
<r> ~ 3 Lt 1 x 1039
N ~200 L /L ~.4
t g
and for LTB,
n 4 <L> 1 x 103
38<r> ~ 4 Lt~ 3 x 10
N ~ 34 L /L ~ 0.1
t g
Heuvel (1976) estimated -33 ETB in the Galaxy, and van Paradijs
(1978) found -26 LTB that were near the Galactic center in the Fourth
UHURU Catalog (Forman et al 1978).
7. Massive 0 and B stars
For consistancy the number of OB stars in the Galaxy were
estimated using the same method. Table 14 (Humphries 1978) column 1
lists the OB Association, column 2 and 3 list the number of 0 and/or B
stars in the Association, and column 4 is the distance the OB
Association is from the Sun.
In Table 15, the first row shows the number of associations that
contain 0 stars and the number that contain B stars. The number of
associations containing 0 and B stars were not counted to prevent
double counting. <n> is the average number of 0 or B stars per
association, <r> is the average distance to the association, N is the
estimated number of associations in the Galaxy. From there, the
number of 0 stars and B stars are estimated and the sum of the two
yields the number of OB stars in the Galaxy (Table 15, column 4).
8. Summary
RS Canum Venaticorum systems, Coronal Emission Stars, White Dwarf
Stars, Dwarf Novae , and Recurrent Novae all emit x-rays in the soft
(.15 - 3 kev) region of the spectrum. These groups do not contribute
significantly to the Galactic luminosity in the "hard" (2 - 10 key)
x-ray spectrums.
Supernova, early-type and late-type x-ray binaries all emit
x-rays in the hard x-ray regime. The ETB contribute the greatest
fraction of x-rays with the LTB and SNR following, respectively.
Therefore, the SNR do not account for a significant fraction of
the Galactic luminosity as they did in M82 and NGC7714.
Can the ETB account for a similar fraction of the observed x-rays
in M82 and NGC7714 as they did in this Galaxy?
IV. STAR BURST GALAXIES
1. M82
The x-ray observations of M82 were conducted by Griffiths et al
(1979) with the scanning modulation collimator on the HEAO-1. They
measured a luminosity of L = 2.3 ± .6 x 1040 erg/s with an angular
resolution of 30" (=450 pc). M82 was observed in the bandwith 1 - 13
key but was detected only in 2.6 - 5.4 key energy range. It was not
detected below 2.6 key or above 5.4 key. This indicated the presence
of a low energy out off corresponding to a visual extinction of ~4 mag
and a moderately steep spectrum.
Griffiths et al securely locates the x-ray source within -15" of
the compact radio source. In Figure 8 (Griffiths et al 1979) the HEAC
position is overlaid on a short-exposure 200" Hale Observatories
plate, where the hashes indicate the radio source location. Figure 9
(Solinger et al 1977) shows a schematic of the core of M82 with the
radio source denoted by the dotted circle. The 30" resolution
encloses most of the core of M82.
The deep IR contour is the result of bright stars ionizing the
gas and dust (Telesco and Harper 1980; Rieke et al 1980). Rieke et al
have estimated the ultraviolet (UV) flux at -2 x 1053 photons/s.
Using this UV flux and the average UV flux from OB stars (Osterbrock
1974), the number of OB stars (N) in M82 is calculated (Table 17).
To determine the number of binaries in the galaxy (M82), assume
the ratio of the number of ETB to the number of OB stars is the same
in M82 as it is in the Galaxy (Milky Way), f0-.01, and the average
luminosity is the same as it is in M82 (actually the average
luminosity may be a little less due to the higher density). Then the
total contribution of the ETB to the total galactic (M82) luminosity
is not quite 10% (Table 17).
The SNR appear to account for a very significant fraction of the
observed x-rays from M82.
2. NGC7714
The x-ray observations of NGC7714 were conducted by Weedman et al
(1981) as guest observers with the imaging proportional counter (IPC)
on the EINSTEIN Observatory. The x-ray resolution is a circle of
diameter 4'(=45.2 kpc), (Figure 10; Weedman et al 1981). There is no
spectral information, just a total flux from .25 to 3.5 key. He
assumed an x-ray luminosity of L = 6 x 10 erg/s for a column
x
density fo 1022 cm-2
Following the same procedure used in M82 for obtaining values for
Table 18, and using the values calculated by Weedman et al for the
SNR, it appears that none of the groups can fully account for the
observed x-ray luminosity.
A larger number of ETB (-8 x 10 ) may account for the luminosity
which would yield a larger fraction (f-0.1) of binaries to OB stars.
V. CONCLUSION
The group of objects that are luminous in the star burst galaxy
are not luminous in the Galaxy. The ETB barely account for 10% of the
total luminosity, and the SNR seem to account for ~90%. The
assumption that the ratio of the binaries to OB stars was constant,
may not have been a valid one.
To test for what has been shown, observations must be made of the
two galaxies with attention paid to the shape of the spectrum. A
large number of SNR in NGC7714 may show a 6.7 key feature (Fe XXV)
from the superposition of many young SNR (like Tycho and Cas A)
shockfronts. Also, the SNR spectrum falls off at ~20 key whereas the
spectrum for ETB falls off rapidly at -40 key.
There are still some unanswered questions to be addressed, such
as: Is the ratio of binaries to OB stars different in star burst
galaxies? What is the shape of NGC7714's spectrum? Are there other
ways to explain the x-ray spectrum and flux of M82?
At the time of this writing Fabbiano and Panagia (1982) use ETB
to explain the x-ray luminosity of NGC5204. Also, Fabbiano,
Feigelson, and Lamorani (1982) have concluded (observing 33 peculiar
galaxies) that the x-ray emission is not a result of Seyfert-like
nuclear emission but the integrated emission of ETB and SNR.
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TABLE 1
r (kpc)
, And 0.031 1.4
X And 0.025 3.6
UX Ari 0.050 21
CQ Aur 0.220 8.7
SS Boo 0.220 6.3
SS Cam 0.255 7.8
12 Cam 0.180 15
RZ Cnc 0.340 35
AD Cap 0.250 19
RS CVn 0.150 19
39 Cet 0.059 15
UX Com 0.350 32
RT CrB 0.360 5.5
WW Dra 0.180 6.9
AS Dra 0.031 .25
RZ Eri 0.275 21
a Gem 0.059 20
Z Her 0.085 2
AW Her 0.315 8.7
MM Her 0.190 5.8
PW Her 0.285 10
GK Hya 0.220 7.9
RT Lac 0.210 29
AR Lac 0.040 15
HK Lac 0.139 .14
RV Lib 0.276 11
VV Mon 0.260 6.2
AR Mon 0.426 17
II Peg 0.026 2.0
LX Per 0.145 6.3
SZ Psc 0.100 25
RW UMa 0.150 4.4
e UMi 0.071 3.6
RS UMi 0.350 8.9
ER Vul 0.036 1.5
HR 1099 0.036 26
HR 4665 0.130 26
HR 5110 0.053 13
HR 7275 0.048 3.6
HR 7428 0.302 14
HR 8575 0.069 1.7
HR 8703 0.051 4.4
HD 5303 0.066 2.3
HD 15g555 0.017 5.0
BD+61 1211 0.130 17
TABLE 2
CE STARS r(kpc) L x 1030 (erg/s)
a Cen 0.0013 0.003
Vega 0.0081 -0.07
n Boo 0.0097 -0.1
12 Peg 1.25 1000
C2cyg 0.0588 3.9
o Eri 0.0049 0.03
HR 976 0.053 2±1
Orion Nebula 0.450 3800
TABLE 3
WD STARS r(kpc) L (erg/s)
HZ 43 0.065 3 x 1034
Fiege 24 0.090 2.4 x 1034
Sirius B 0.0027 1 x 1028
TABLE 4
DN r(kpc) FM (1Jy) F (iJjy)
U Gem 0.07 1.5 0.1
SS Cyg 0.150 20 <1
AM Her 0.080 7 2.5
TABLE 5
DN r(kpc) <Ft> ~ t
U Gem 0.07 0.2 3 x 10 30-
SS Cyg 0.150 3 2 x 1032
AM Her 0.080 3 5 x 103 1
TABLE 6
TABLE 7
TABLE 8
RN r(kpc) <F t>(uJy) <L t>(erg/s)
V616 Mon 1.1 500 2 x 1036
Cen X-4 ~1.5 201 1 x 1036
Aql X-1 1.7 15 1 x 1035
SNR r(kpc) L x 1035 (erg/s)
Tycho 3 10
Puppis 2.2 0.7
Vela 0.5 <0.04
Cygnus Loop 0.77 <0.1
Cas A 2.8 12
IC 443 1.5 0.2
SN 1006 1.3 0.1
RN r (kpc ) FM(uJy ) F m(uJy )
V616 Mon 1.1 5 x 10 4<0.02
Cen X-4 ~1.5 2 x 10 3<1
Aql X-1 1.7 1 x 10 <5
TABLE 9
TABLE 10
2-K6v SMC X-1 . O.714 s 8-30 a GXi+4 122s
1.5-10 K HER X-1 1.24 s 3-6 KV GX304-1 272 s
1-13KtV 4U0115+63 3.61 s 3-6Ki 4U900-40 283 s
U)
2-7 KV CEN X-3 4.864s 1.5-15Kw A1118-61 45 s
3-6K x 4U1626-67 7.68 s 1.5-2Ot6 4UI538-52 529
fn
CG)
2-20 KV 0A01653-40 x 38. S 6-12Iav GX301-2 66 s
3-6KV A0535+26 104 s 1.5-5KCV 4U0352+30 x 835 s
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
Pulse Phase
TABLE 11
ETB r(kpc) ~<F t>(uJy) ~<L t>(erg/s)
0115+634 ~3 209 5 x 10 3
X Per 0.35 28 9 x 10 3
0535+262 
~-1.8 2264 2 x 10 3Vela X-1 001.4 980 5 x 10 361118-616 5 39 3 x 1037Cen X-3 -10 117 3 x 10
1145-619 -1.5 ----- --------
1145-616 5 
----- 
------- 36GX301-2 2 548 6 x 1036GX304-1 2.4 156 2 x 1036
1538-522 7 16 2 x 10
1700-377 1.7 ----- --------
Cyg X-1 2.5 ----- --------
TABLE 12
LTB r(kpc) FM(iJy) F M(jy)
Her X-1 ~5 110 4
1704+240 0.83 11 <0.5
GX17+2 1.4 1060 270
Cyg X-3 10 430 90
TABLE 13
LTB r(kpc) ~-<F t>(NJy) ~-<L t>(erg/s)
Her X-1 ~5 5 3 x 10 3
1704+240 0.83 5 9 x 10 36
GX17+2 1.4 392 2 x 10 37
Cyg X-3 10 192 5 x 10 3
TABLE 14
Continued on next page
TABLE 14
(continued)
ASSOCIATION 0 B r(kpc)
Mon OB 2 10 7 1.51
CMa OB 1 4 3 1.32
Coll 121 ._.2 0.76
NGC 2414 __1 2.50
NGC 2439 __.1 4.37
Pup OB 1 7 __2.51
Vel OB 1 5 11 1.82
Car OB 1 6 15 2.51
Tr 14 4 3.47
Tr 15 1 3.72
Tr 16 9 2.63
Coll 228 6 2.51
Car OB 2 8 6 2.00
NGC 3576 2 2 3.16
NGC 3766 1 1.90
Cru OB 1 12 11 2.40
Cen OB 1 2 19 2.51
Pis 20 1 5 3.98
Nor OB 1 6 3.47
R103 3 23 3.98
R105 2 2 3.31
Ara OB la 7 7 1.38
NGC 6204 2 5 2.51
Sco OB 1 18 10 1.91
Sco OB 2 3 0.16
HD 156154 1 2 2.63
Sgr OB 5 15 3.02
TABLE 15
QUANTITY 0 B OB
n 55 59 --
~<n > 5 8 --
~<r9 2 2 --
~N 2000 2000 --
~N 9000 1 x 104 2 x 104
S
TABLE 16
SOURCE N <L> Lt/L
RS CVn 3 x 10 1 x 10 0.001
CE Stars 2 x 105 6 x 1034 0.004
WD Stars 2 x 10 2 x 1031 1.4
DN 7 x 10 8 x 1031 0.002
RN 200 2 x 1035 0.01
SNR 400 3 x 1036 0.04
ETB 200 8 x 10 0.4
LTB 30 1 x 103 0.1
TABLE 17
QUANTITIES OB ETB SNR28
<F>(photons/s) 1 x 10 49 --- ---
~N 2 x 104  200 900
~<L>(erg/s) 1 x 1033  8 x 103  2 x 104 0
L6t (erg/s) 2 x 10 2 x 10 2 x 10
~L /L 0.0009 0.07 0.9
TABLE 18
QUANTITIES OB ETB SNR3
<F> 1 x 10 4--- ---
~N 7 x 1033 700 361 x 1036
~<L> 1 x 103 8 x 1039 1 x 1040
~L t7 x 10 376 x 10 391 x 10 4
~-L t/L 0.001 0.09 0.2
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In the red light of hydrogen, extensive filaments seem to be moving violently
A. outward from Messier 82. This photograph was taken by A. Sandage and C. R.Lynds with the 200-inch telescope in 1962. Hale Observatories photograph.
The galaxy M82 is at upper right and M81 at lower left, less than 1* apart in
the constellation Ursa Major. This photograph is a one-hour exposure, taken
B- by an Arizona amateur, Evered Kreimer, with a 12-inch reflector and a cold
camera. North is toward upper right.
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Figure 4(P. 6)
LATE TYPE STAR
The basic model for cataclysmic variables. The geometry pictured here
corresponds to the dwarf nova Z Cam (Robinson 1973a). The direction of orbital motion is
counterclockwise.
Figure 5
(F.ii)
The schematic diagram of equipotential
surfaces of a binary system formed by a normal
star M1 and a compact collapsed companion M2 .
L, and L, are the principle (Lagrangian) points
in the system where there is no net force in the
rotating system. X-rays are emitted by the matter
from the main star being accreted into the very
strong gravitational field of the collapsed star
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X-ray observation with IPC on the Einstein Observatory of field containing NGC 7714. Position of the galaxy is shown by
markers; source just NE of galaxy is a quasar. Circle, the area of 2' radius within which counts were assumed to come from the nucleus.
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